Objective. Pain is an extremely common complaint in primary care, and patient outcomes are often suboptimal. This project evaluated the impact of Project ECHO Pain videoconference case-based learning sessions on knowledge and quality of pain care in two Federally Qualified Health Centers.
Background
There are over 126 million American adults with pain, 25.3 million of whom report daily chronic pain [1] . Chronic low back pain is the leading cause of jobrelated disability in America [2] . In the United States, an estimated $560 to $635 billion in medical treatment and lost productivity costs are attributable to chronic pain each year [3] . Chronic pain has a significant adverse impact on quality of life [4] . Patients with chronic pain experience difficulty moving (89%), depression (77%), inability to concentrate (70%), strained relationships (52%), and loss of appetite (46%) [5] . Over half of patients with chronic pain feel they have little or no control over their pain symptoms [5] .
Opioid prescribing has increased more than fourfold between 1999 and 2014 despite the growing evidence for significant, dose-dependent risk of serious harm and limited evidence of long-term benefits [6] [7] [8] . Over 18,000 Americans died from opioid analgesic overdose in 2014 [9] . New and more stringent guidelines for use of opioids to treat pain have recently been released, including the Centers for Disease Control and Prevention (CDC) Guideline for Prescribing Opioids for Chronic Pain [10] .
Over half of patients with chronic pain receive their care in a primary care setting [11] . However, evidence suggests that primary care providers (PCPs) are not well-equipped to manage them effectively. Most PCPs express low confidence in their ability to manage pain effectively [12] [13] [14] [15] and receive little or no education in chronic pain prevention, evaluation, and management during medical training [16] [17] [18] . A recent survey of internal medicine residents found that only 26% expressed confidence in managing chronic noncancer pain [19] . In addition, there is wide variation in primary care providers' adherence to guidelines for the documentation and management of pain [10, 20, 21] .
Pain complaints are more common in medically underserved patients [22, 23] , for whom access to specialty care is a significant challenge. Federally Qualified Health Centers (FQHCs) provide access to quality primary care, but they often struggle to find specialists willing to see patients with publicly funded insurance or without insurance coverage.
Project Extension for Community Health Outcomes (ECHO) is an evidence-based tele-mentoring intervention that connects PCPs with expert teams of specialist providers via regularly scheduled videoconference [24] . PCPs attend regular sessions on a specific topic or condition. By presenting actual cases from their practice and listening to brief didactics, participants gain the skills needed to prevent, evaluate, and manage a specific complex condition such as chronic pain. The goal of Project ECHO is to create local content experts within the primary care clinic, helping to bridge the gap between specialty and primary care and improving access and health outcomes for underserved patients.
Project ECHO was first developed to address rural health access issues for hepatitis C in New Mexico, but has now been replicated across the United States in both urban and rural locations for a wide range of conditions. Research on Project ECHO's hepatitis C clinic has demonstrated that primary care providers can achieve equal or superior treatment outcomes as compared with specialists treating the same condition [25] . Less is known about the impact of Project ECHO for other conditions. We conducted a one-year trial in two community health centers to further explore the effect of Project ECHO Pain on a range of provider and patient outcomes.
Methods

Study Design
This study used a quasi-scientific design (pre-post intervention with comparison group) and was reviewed and approved by the Institutional Review Board at Community Health Center, Inc. (CHCI). 
Setting
Study Participants
Providers
Primary care medical providers (including internists, family doctors, and family nurse practitioners) from 12 sites at CHCI and four sites at El Rio were eligible to take part in the study. 
ECHO Faculty
Patients
A validated algorithm that included data elements from the electronic health record (EHR) including diagnosis codes, pain scores, and medication prescribing information [26] was used to identify a cohort of patients with chronic pain cared for by each provider in the study during the one-year period prior to the intervention and during the one-year period following the intervention.
Project ECHO Pain in Community Health Centers
Recruitment
Participants were recruited using a convenience sampling approach. Primary care medical providers were informed about the study during in-person and videoconference presentation at existing staff meetings and grand rounds presentations at the participating organizations. One interested provider from each participating site was chosen to participate in the intervention. At sites where more than one primary care medical provider was interested, the participant was chosen based on 1) ability to attend Project ECHO Pain sessions, 2) chronic pain patient panel size, 3) ability to find an appropriate matched control provider, and 4) input from the on-site medical or behavioral health director. All primary care providers not chosen to participate in the intervention were asked to serve in a control group. In total, 12 primary care medical providers (PCPs) were recruited for the intervention group, and 11 PCPs were recruited for the control group.
Intervention "Usual care" for patients with pain at both participating organizations left decisions about treatment and referrals to the discretion of the treating PCP. While each organization had a standard policy about pain care with recommendations for use of opioid agreements and urine toxicology screening, there were no strict guidelines or restrictions on medication selection or dosing. All PCPs in the intervention group joined weekly two-hour Project ECHO Pain videoconference sessions between January and December of 2013. Sessions were scheduled during the clinical workday, and providers were allocated dedicated time to participate fully for the entirety of each session. Participants joined the sessions from a teleconferencing device, a personal computer, a tablet, or a smartphone. Participating clinicians were asked each week to submit cases for presentation at upcoming sessions. PCPs chose cases from their patient panel and entered the consult question along with relevant aspects of the history on a standardized case presentation form. The forms were de-identified, reviewed by the ECHO coordinator, and forwarded to the faculty team. The faculty reviewed submitted cases in advance of the ECHO session to be prepared to lead a discussion on each case. During each session, PCPs briefly presented their cases, along with their behavioral health colleague, when appropriate. Three to four patient cases were scheduled for discussion each week. In addition to case presentations, a 20-to 30-minute didactic presentation was given each session by one of the ECHO faculty. The didactic curriculum and case presentation discussions emphasized a multidisciplinary, team-based model based on current guidelines and a core set of best practices for pain care delivery in primary care [27] . All participants were given access to a secure project website, case submission and presentation forms, and a project database and data collection system. Participants who were unable to attend a live Project ECHO Pain session could view recordings of each case and didactic presentation on the secure project website.
Data Sources and Data Collection
Surveys PCPs' pain care knowledge was assessed using a validated tool, the KnowPain-50 (KP50) [28] . The KP50 measures knowledge in the following domains: initial pain assessment, defining treatment goals and expectations, development of a treatment plan, implementation of a treatment plan, reassessment and management, and management of environmental issues. The KP50 contains multiple choice questions as well as questions scored on a Likert scale, with an overall maximum possible score of 250. In addition, to assess PCPs' views and attitudes about pain care, we used a set of 11 questions taken from a survey previously developed by and utilized in the Veterans Health Administration (VHA) [18] . All participants completed the surveys online using SurveyMonkey.
Electronic Records Data
To assess the impact of Project ECHO on providers' treatment of pain overall, we queried the electronic health record and collected treatment data for all patients with chronic pain who received care from primary care providers in the intervention and the control groups for the one-year period prior to starting ECHO (January through December 2012) and for the one-year period following the intervention (January through December 2014). Data included patient demographics, medications prescribed, and referrals to behavioral health and other pain-related specialists.
Focus Groups
A focus group was conducted with all PCPs participating in Project ECHO Pain in June 2013 to assess their opinions of Project ECHO Pain sessions and the applicability of Pain ECHO content to their practice. During this focus group, the faculty team was also invited to speak about their experiences leading Project ECHO Pain sessions and interacting with participating providers via videoconference. A follow-up focus group was held in December 2013 with Project ECHO participants and the faculty team to assess their opinions of the completed intervention and their suggestions for improving Project ECHO Pain sessions for future cohorts of providers. Each focus group was 30 minutes in duration and was moderated by a member of the research team who was not a member of the Project ECHO Pain faculty. The focus group sessions were recorded and transcribed, and qualitative data were evaluated with thematic content analysis.
Statistical Analysis
Descriptive statistics were used to analyze the data. For comparisons, we used the v 2 test to compare proportions and the Student's t test to compare means using SPSS. Analyses of changes and differences in changes between conditions were done with paired t tests, multiple-group models of changes in Mplus for KP50 (which yields full sample estimates, i.e., including for the missing post-intervention values), and Stata's xtmixed with clustering option for patient outcomes. All tests were two-sided and considered significant at a P value of less than 0.05.
Results
A total of 48 Project ECHO Pain sessions were held, during which 107 unique patients with chronic pain and complex medical and behavioral health comorbidities were presented. Participating primary care medical and behavioral health providers attended an average of 82.4% of the sessions offered (mean ¼ 39.6 sessions, min ¼ 13, max ¼ 48) during the year. PCPs attended an average of 78.1% of the sessions offered (mean ¼ 37.5 sessions, min ¼ 13, max ¼ 48), while behavioral health providers attended an average of 86.2% of the sessions offered (mean ¼ 41.4 sessions, min ¼ 14, max ¼ 48). ECHO session attendance remained consistent throughout the study period. All participant attrition in study participation can be attributed to providers leaving their positions at participating health centers.
PCP Pain Knowledge
Pre-intervention assessment of knowledge using the KP50 knowledge survey revealed a nearly statistically higher mean baseline score among intervention group providers than control providers (P ¼ 0.060). Results from pre-and postintervention administration of the KP50 knowledge survey to PCPs who participated in Project ECHO Pain sessions are shown in Figure 1 . Findings demonstrate a statistically significant increase in pain care knowledge in intervention providers (N ¼ 10), from baseline (mean ¼ 160.20) to postintervention (mean ¼ 172.84; P < 0.001). The intervention group increased by 12.64 points (7.9%) on the KP50 pre-vs post-, compared with a 4.60-point increase (2.9%, P ¼ 0.119) in the control group. (The total possible KP50 score is 250 points.)
PCP Attitudes and Beliefs Regarding Pain
There were no significant differences at baseline between intervention and control group providers in response to a range of questions about the attitudes, beliefs, and approach to managing patients with opioids. However, following the intervention, PCPs in the intervention group were more likely to affirm that they used opioid agreements (5.43 vs 5.13, with scale 6 ¼ strongly agree to 1 ¼ strongly disagree; P ¼ 0.050). They expressed less concern about their patients becoming addicted to opioids (average response of 2.87 [post] vs 3.52 [pre] on a six-point Likert scale of agreement with the statement "Patients I treat become addicted to opioids," with a scale of 6 ¼ strongly agree to 1 ¼ strongly disagree; P ¼ 0.006). Table 1 shows practice data for all patients with chronic pain cared for by providers in the study in the year prior to and in the year following the intervention. Patients with pain were more likely to be female. Using a difference between changes approach, we found that PCPs in the intervention group had a statistically significantly greater reduction in the percentage of patients with chronic pain treated with an opioid medication compared with providers in the control group (from 56.2% to 50.5% compared with 50.1% to 50.3%; P ¼ 0.002). In addition, the average number of opioid prescriptions written per patient with pain increased significantly less for providers in the intervention compared with their colleagues in the control group (from 4.89 to 5.00 compared with 3.05 to 3.97; P ¼ 0.001) Furthermore, in the year following ECHO, providers in the intervention had a greater increase in referrals to behavioral health than their colleagues in the control group. Referrals to surgical subspecialties (orthopedic and neurosurgery) decreased in the intervention group and increased in the control group, while referrals to physical therapy increased in the intervention group and decreased in the control group. These differences in referrals were all statistically significant. No statistically significant change was observed in referrals to other specialties, such as addiction medicine, chiropractic, and acupuncture.
Impact on Pain Treatment
Faculty and Provider Focus Groups
Overall, providers suggested that they had acquired knowledge that they were able to apply in their practice. One provider reported that he had "been able to apply what [he] had learned about pain care to all of [his] patients." Another felt that ECHO made providers "more aware of the psychosocial aspects of pain and the need for a comprehensive approach" and had encouraged them to "re-focus patients" to "engage them in a different way of thinking about pain." Another provider expressed that the sessions featured "cases just like Providers state that ECHO has given them "a great knowledge base" and has "empowered [them] to know what is in a patient's best interest." ECHO has encouraged "structural improvement" in providers' practice and improvements in provider confidence levels to make treatment changes. A behavioral health provider reports that "ECHO has helped me structure my interventions Project ECHO Pain in Community Health Centers more" and has "encouraged collaboration between medical and behavioral health providers to treat pain."
Discussion
Changing clinician behavior is extremely challenging, especially when it relates to the care of a difficult and challenging condition such as chronic pain. This study's hypothesis was that a more robust, case-based learning intervention conducted by video conference would lead to an increase in knowledge and self-efficacy about guideline-concordant pain care that would translate into actual changes in practice. Results of the study demonstrate a range of changes across the spectrum, including increased adherence to protocols for things such as use of opioid agreements, as well as increased referrals to behavioral health and physical therapy and reduction in prescribing of opioids. Providers in the study, despite working in resource-limited safety net clinics, made significant changes in their overall practice, suggesting that the knowledge gained was being applied not just to cases that were presented and discussed, but across their entire panel of patients. The magnitude of changes observed was modest, even after a year-long intensive immersion in the topic of pain care. However, the findings reflect changes that occurred not just in patients presented at Project ECHO, but across the entire panel of patients with chronic pain cared for by providers in the study. In addition, they occurred in a relatively small, diverse group of providers from two very different locations in markedly resource-limited settings.
New strategies for continuing medical education (CME) are needed to help medical providers manage the rapid increase in available medical knowledge and keep abreast of changes in treatment approaches. More traditional strategies such as lectures and print media are not sufficient [29] . The Institute of Medicine has called for new CME formats and strategies that include increased use of collaborative learning among health professionals and increased utilization of emerging technologies [30] . The Agency for Healthcare Research and Quality (AHRQ) has recommended that CME strategies include the use of "live multimedia" events and interactive techniques that provide clinicians with multiple exposures to important information [29] . Project ECHO is a new approach to CME that meets each of these criteria. Project ECHO uses a repetitive, case-based approach via a live multimedia platform.
Many providers practicing today were trained in an era when opioids were felt to be extremely effective for all types of chronic pain and to pose a low risk for addiction or for side effects. More recent evidence has revealed that opioids pose a significant risk for addiction and that their increased use has resulted in alarming increases in opioid overdose and death [7, 8] , with little evidence to support their efficacy in treating chronic pain [6] . Clinicians need reliable strategies to "unlearn" much of what they were taught during medical training and to learn new strategies for the safe and effective diagnosis and treatment of patients with pain and opioid addiction. This learning needs to not only address the knowledge deficit, but also to support the application of that knowledge into practice, particularly in primary care, IntervenƟon Group (n=10) Control Group (n=10) Figure 1 Percent change in KP50 scores: Control and intervention primary care providers (PCPs). This figure shows the percent change in knowledge scores pre-and post-intervention for providers in the intervention and the control. Percent change was calculated using the formula ((X2-X1)/X1) *100, where X1 is the baseline score and X2 is the follow-up score. Note: Individual PCP changes in KP-50 displayed; PCPs ordered in both groups from largest decrease to largest increase. where most patients with pain first seek treatment. The decision to initiate opioid therapy can have far-reaching consequences that must be understood clearly.
One of the most important aspects of Project ECHO is its ability to engage large numbers of providers in varied settings and across large distances. This is a particularly appealing approach for providers in rural and other medically underserved locations where financial limitations are particularly acute and access to specialists is limited. This inexpensive, easy-to-apply videoconference technology was used to create a collaborative learning intervention for this study by joining specialists and primary care providers located on opposite sides of the country.
This study had several strengths. As a pragmatic trial conducted at two FQHC organizations spanning multiple different clinic sites and environments, its results are likely to be highly generalizable. Providers in the study were fulltime clinicians in primary care managing diverse panels of patients. Using a novel algorithm, the analysis was able to evaluate changes in practice for all or most patients with chronic pain, not just those presented during ECHO sessions. As a result, the findings demonstrate practice pattern changes that occurred beyond the ECHO referrals.
Several weaknesses limit the conclusions that can be drawn from this study. One of the significant changes noted was the lower number of opioid prescriptions written by providers in the intervention group. This change is promising in light of the rapid increase in prescribing of opioids over the past decade, but the absence of data on the dosage of opioids prescribed limits the conclusions that can be drawn. Furthermore, the changes in knowledge following the intervention were relatively small to account for the change in behaviors of the intervention group compared with the control group. However, the baseline mean provider pain knowledge score of 160.20 in this study was higher than the mean score of 135-138 in groups of community physicians and equal to the scores from academic physicians from a previous study [28] . In fact, the post-intervention mean score of 172.84 was close to the mean score of 177 obtained by pain experts in the same study.
An additional weakness was the potential for bias due to the nonrandom assignment of providers to the intervention group. However, the use of a control group partly mitigates this limitation. Although changes were noted in important process measures, the study did not explore the impact of these changes on actual patient outcomes such as pain, functional status, or quality of life. Further research is needed to assess whether the knowledge gained and applied by participants in interventions leads to lasting improvements in adherence to guidelines and ultimately improves patient outcomes. Lastly, this intervention required a significant commitment from the participating agencies to support consistent attendance of their providers at an average of 82.4% (39.6) of the 48 two-hour sessions offered during the program. This level of time commitment may not be feasible for providers in other practice settings. Studies are underway to test the impact of Project ECHO Pain with a more limited time commitment. Although the cost of hosting and delivering each ECHO session was supported by grant funding, participating primary care practices faced lost revenue due to the need to block out time during the work day for clinicians to participate. Over time, these costs can be significant, leading to the potential for provider attrition and presenting a barrier to further spread. Further research is needed to determine whether these costs are fully or partially offset by any cost savings from reductions in hospitalizations, return visits for unresolved pain or substance abuse issues, emergency room visits, specialty consultations, testing, or imaging.
In summary, this study demonstrated that Project ECHO, a new approach to CME using videoconferencing and casebased learning to train primary care providers in the proper care of patients with chronic pain, resulted in improvement in several pain care process measures, suggesting that knowledge gained in the sessions was being applied in daily practice, resulting in greater use of multimodal approaches, with less reliance on opioids. Project ECHO may provide an important tool to help address the growing prescription opioid crisis in this country and beyond.
